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.iBsTR.%cT.-The isolation and structure elucidation of 21'-oso-leurosine from an 
alkaloid fraction of C(iiharanthiis roseus is described. 

Nore indole alkaloids have been isolated from the Madagascan periwinkle 
Catharanthus roseus (L.) G. Don than any other plant ( 2 ) .  This interest was 
generated by the isolation of several bisindole alkaloids displaying anticancer 
activity (a), two of which, vincaleukoblastine (VLB) and leurocristine (VCR), 
subsequently became clinical entities (3). 

These alkaloids are not without their problems, however, and two are of some 
significance. First, these alkaloids are minor constituents of the plant; the typical 
yield of leurocristine is 3 ~ 1 0 - ~ 7 c  ( 2 ) .  Second, these alkaloids display a number 
of toxic side effects at  therapeutic doses, the most important of n hich is parathesias 
for 1-CR (3). Thus, in the niid-l960's, efforts to  bj-nthesize the t x o  component 
halves of T'LB, lG/3-carbomethoxy-velbanamine (4) and vindoline (11-14), n ere 
undertaken n i t h  a vien to  coupling these (or related) units in order to provide a 
synthesis of the bisindole species. These vast synthetic efforts culminated recently 
(15) in the total synthesis of T'LB. 

A second approach, xhicli we have adopted, is to further investigate the 
extremely complex alkaloid fraction. of C. roseus to obtain nen active, but less 
toxic, compounds which could possibly gire some direction to the continuing 
synthesis efforts. \\-e report here on one of several nen- compounds which lye 
have i*olated and characterized. 

I n  the process of icolating some leurosine (1) for the partial synthesis of another 
bisindole alkaloid ( l G ) ,  we obtained and characterized a nen compound to which 
we have assigned the structure 21 '-oxo-leurosine (2). 

EXPERIlIESTAZL4 
S E P i R i T I O S  OF THE I L K ~ L O I D  FR%CTIOsS.-The source, identification, and processing of the  

'For part  SSSII ,  see ref. 1. 
*These results --ere presented in part at the 20th hnnual Meeting of the Smerican Society 

of Pharmacognosy, held a t  Purdue University, July 29-August 3, 1979 
3Present address, Department of Medicinal Chemistry and Pharmacognosj , School of 

Pharmac:. , University of Houston, Houston, Texas 7TOOi 
411elting points were determined by means of a Kofler hot plate and are uncorrected The 

uvs pectra mere obtained mith a Beckman niodel DB-G grating spectrophotometer The ir 
spectra nere  determined with a Beckman, model I R  18-1, spectrophotometer. Proton nmr 
spectra %ere recorded in CDClj  n i t h  an IEF spectrometer operating a t  210 MHz and carbon 
nmr spectra nere  recorded in CDCls with a Bruker WP-90 a t  22 GS 1IHz.  Tetraniethjl  silane 
%as used as an internal standard and chemiral shifts are reported in 6 units Optical rotations 
were measured n i t h  a Carl Zeiss optical polarimeter The CD spectrum v a s  recorded on a 
J-ISCO model J-40 1 automatic recording spectrophotometer 

Lon resolution mass spectra m-ere obtained n i t h  a T-arian N.iT 1125 instrument operating 
a t  70 ev High resolution mass spectra meie obtained with an ,IEI lIP 002 double-focusing 
spectrometer operating at 50 ev. 

leaves of Catiiaranfhus i o s e i u  have been discussed previously (15). 
~~ 

R f  values xere  obtained b! chromatograph>- on silica gel 
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SEPARATIOS O F  T H E  CRUDE LECROSINE-CONT.IISING FRhCTION.-Lhl aliquot (2 gm) O f  the crude 
leurosine-containing fraction was applied in chloroform to  a column of silica gel PF-2546 (100 
gm) packed in chloroform. Elution n-ith chloroform and crystallization of the residue from the 
first 100 ml fraction from methanol afforded n-hite needles of 2 (79 mg) having the following 
physical and spectroscopic properties: mp 212-215"; [ a ] * ' D t % . O  (e 0.10 CHCI,) ; ir,  vmax 
(CHC13) 3480 (m, N H  and OH),  3010 i s ) ,  1745 (s, ester CO), 16.55 (m, amide CO), 1510 (m), 
1435 (m), 1220 (s), 930 (m), 760 (s), 670 (s, 1,2-disiibstituted benzene) ern-'; uv, Xmax (EtOH) 
(log E) 220 (4.79) 270 (4.26) and 290 nm (4.22); K l I R ,  6 (CDC1,) 0.77 ( t ,  J = 7  Hz, 3H, 18-CHa), 
0.92 (t J = 7  Hz 3H 18'-CH3), 2.03 (s, 3H, 17-OCOCH3), 2.60 (s,3H, -NCH3), 3.56 (s, 3H, 
16'-CdzCH3), 3.$7 (s,'GH, 16-COzCHs and 11-OCH3), 4.66 (ddd, J =  12,4,4 Hz, l H ,  5'-H), 5.26 

R. 
5' A3,' 

7 

C02CH, 

OCOCH, 

3 m/e 282 
d 

0 
4 

(d, J = 1 0  Hz,  l H ,  14-H), 5.44 (s, l H ,  l i -H) ,  5.84 (ddd, J=10,4,4 Hz, l H ,  15-H), 6.11 (s, lH, 
12-H), 6.57 (s, lH, 9-H), 7.12 (m, 3H, 9',10' and llI-H), 7.50 (d, J=8  Hz, l H ,  12'-H) and 7.90 
ppm (s, l H ,  indole Ii-H, removed with D20) ;  cmr see table 1: ms, m / e  822 (>I-, 26.6), 807 (6.3), 
806 (14.1), 804 (6.3), 764 (10.9), 763 (18.8), 747 (12.5), 730 (4.7), 703 (4.7), 687 (9.4), 675 (6.31, 
671 (4 ,7 ) ,  664 (17.8), 663 (42.2), 6.62 (42.1), 661 (32.8), 649 (26.6), 647 (25.0), 645 (35.9), 603 (4.7), 
582 (4.6), 555 (20.3), 554 (18.7), a39 (12.5), 538 (15.6), 523 (7.8), 497 (6.2), 496 (14.0), 480 (6.2), 
379 (7.8), 368 (7 .8 ) ,  355 (10.9), 353 (6.2), 282 (34.3), 144j31.2), 135 (loo), 122 (43.7) and 121 (26.5). 
Mass measurement, Obsd. 822.383?, Calcd. for CasHjlh cOlo 822.3840: Rf 0.66 (CHCI,: 5% MeOH j 
and 0.62 (EtOBc: abs. EtOH, 3:1 

STRUCTURE ELUCIDATIOS OF 21 I-OXO-LEUROSIKE (2) .-The uv spectrum corresponded to the 
summation of indole and indoline chromophores typical of the vincaleukoblastine group of 
alkaloids (18, 19); and the i r  spectrum indicated the presence of N H ,  hydroxy, and saturated 
ester functionalities. I n  the proton nmr spectrum characteristic (20), signals were observed 
for 0-acetyl, ,\--methyl, a cis-substituted olefin, aromatic methoxy, and two carbomethoxy 
groups (see Experimental). 

One-proton singlets n-ere observed a t  6.11 and 6.57 ppm, typical of shielded aromatic pro- 
tons in a para relationship. This established tha t  the point of attachment of the indole moiety 
was a t  C-10, analogous t o  vincaleukoblastine. The splitting patterns of the C-18 and C-18' 
protons indicated the two ethyl side chains were iinsubstituted. 

B molecular ion a t  wrie  822 analyzed for Ci6H.41i401~ indicated the isolate contained an 
additional oxygen atom and tn-o less hydrogens than leurosine (1).  In  addition, the mass 
spectrum displayed a number of ions typical of the presence of a vindoline moiety, particularly 
the ion a t  w / e  282 (3) (21). 

The cd spectrum of the isolate in methanol showed two intense absorption bands of opposite 

:E. hlerck, Darmstadt, Germany. 
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signs at +226 (le 9.5) and -210 n m ( h  9.3). This characteristic split Cotton effect is com- 
parable with dimers of the "natural" stereochemistry a t  '2-16' (22, 23). 

It n-as a combination of the 13C-nuclear magnetic resonance spectrum (table 1) and an in- 
terpretation of the one-proton multiplet at 4.66 ppm which was the key to  the complete 
structure. 

Assignment of vindoline as the dihydroindole portion of this alkaloid &-as supported by 
the chemical shift assignments of all the carbon resonances of this unit on comparison with 
leurosine and 1-LB (21, 25): in this way, the attachment of the  indole unit t o  C-10 of vindoline 
was confirmed. 

For the indole component, aromatic carbon shifts corresponding veq-  closely R-ith those of 
leurosine I 1, were identified in addition to  characteristic resonances of a carbomethoxy group 
(1T3.4 and $2.47 ppm). The aliphatic carbons of the  indole unit also corresponded very closely 

TABLE 1. Comparison of the I3C-nuclear magnetic resonance spectrum 
of leurosine (1) and 21'-oxo-leurosine (2). 

1 Dihydroindole unit ~ 

chemical shifta 
Carbon 1 Carbon 

Indole unit 
Chemical shift 

I 

1 1 ~ 2  ~- 
~ 

_______ _______-- 
2 
3 
5 .  

10 
11 
12 
13 
14 . .  
15. .  

21 
COOCHI 
COOCHs 
S-CH, 
OCOCH3 
OCOCH, 
.Ir-OCHa 

83 10 
50 14 
50 14 
44 37 
53 00 

122 90 
123 39 
120 48 
l5T TO 
94 05 

152 T9 
124 31 
129 T G  
79 43 
T6 19 
8 17 

30 61 
42 48 
65 51 

83 16 
50 31 
50 31 
44 65 
53 06 

123 35 
122 TO 
120 00 
l5T 82 
94 33 

153 18 
121 3 i  

I 
2' 130. TO 
3'  42 27 
5' 49 76 
6'  24 T9 
7 '  116 81 
8' 129 IT 
9'  118 11 

10' 122.15 
11' 118 81 
12' 110 29 
13' 134 62 
14' 33 47 

129 77 15' 60.26 
79 38 16' 55 21 

8 40 18' 1 8 44 
30 67 19' 27 97 
42 54 20' 59 96 

T6 09 1T '  1 31 70 

65 79 21' . 53 92 
IT0 70 170 82 COOCH, 174 15 
51 9T 52 14 1 COOCHI 52 19 
38 11 38 01 

lil 40 1T1 46 
20 90 1 20 9T 
55 ti4 55 80 

131 11 
44 00 
46 65 
23 45 

115 31 
128 90 
118 06 
123 20 
119 30 
110 51 
134 62 
31 92 
61 37 
55 11 
29 43 
8 i 2  

29 43 
59 53 

16T 85 
1T3 40 
52 4T 

"In parts per million do%-nfield from TIIS: 6 (CDCl3)+76.9 ppm. 

with those of leurosine (24). In  particular, an epoxide function n-as considered to  be present 
on the basis of the chemical shift (59.53 ppm) of a quaternary carbon atom assignable to  C-20' 
(24). I n  1-LB C-20' appears a t  68.6 ppm, but in leurosine the corresponding carbon appears 
a t  59.9 ppm due to  incorporation in a highly strained ring system (21). The remaining oxy- 
carbon a t  61.37 ppm n-as assigned to  C-15' analogous to i t s  high-field position (60.3 ppm) in 
leurosine. Issignment of an epoxide unit t o  C-15'-C-20' as in leurosine n-as substantiated by  
the magnitude of the  y-effect on the C-18' methyl relative to  T-LB. A 2.0 ppm reduction 
(from 6.7 to  8.7 ppm) in the y-effect on C-18' in the isolate parallels the effect observed in 
leurosine and is in agreement with the replacement of a 20I-hydroxy group by a C-20' ether 
linkage. 

The most substantial difference on comparison with the spectrum of leurosine was the 
presence of an additional carbonyl carbon at 167.85 ppm n-ith a concomitant loss of an amino- 
methylene signal suggesting the  presence of an amide group. -in -l--formyl group could be 
excluded on the  basis of the proton nmr spectrum, consequently, a cyclic amide was inferrec!. 

Previous R-ork (24) had established that in a simple quinolizidone such as 4, the equatorial 
hydrogen lies in the plane of the carbonyl group and is, therefore, deshielded. 
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In the isolate, the equatorial proton on an aminomethylene isshifted to4.66ppm and dis- 
plays a geminal coupling constant of 12 Hz;  the axial proton appears a t  2.28 ppm. It follows 
the carbonyl function could either be a t  C-21’ or C-3’. 

The pmr spectrum of 3’-oxo-leurosine ( 5 )  , previously synthesized from leurosine by oxida- 
tion with iodine under basic conditions (26), exhibited a signal for the C-14’proton a t  4.76 ppm 
quite different in multiplicity from tha t  observed in the isolate. This compound also displayed 
an apparent doublet a t  4.02 ppm which is absent in the spectrum of the isolate. 21’-Oxo- 
leurosine (2) was the structure originally given to  a compound obtained by treatment of leuro- 
sine with oxygen in the presence of trifluoroacetic acid (26). More recently (27) the struc- 
ture of this compound was revised to  that  of the alkaloid Catharine. Comparison of the pmr 
spectrum of our isolate and tha t  of Catharine indicated tha t  they were not identical. 

I t  follows from the above discussion tha t  C-21’ is the most favorable position for the loca- 
tion of the amide group, and the validity of this assignment is supported by the 13C-nmr chemical 
shift of C-5’. Inspection of the 13C nrnr spectrum of the model compound 4 (28) revealed tha t  
the C-8 carbon experiences a y effect, the magnitude of which is comparable to  tha t  observed 
for C-5’ in the isolate. Consequently, the novel structure 21’-oxo-leurosine (2) is proposed 
for the isolate.6 

BIOLOGICAL ACTIVITY os  THE IsoLIm.-The isolate was evaluated for anti-cancer activity 
according to  established protocols (29). S o  activity was observed in the dose range 0.25-6.25 
mg/kg in the P-388 lymphocytic leukemia system in mice, but the alkaloid was cytotoxic 
(EDSO 0.31 pg/ml) in the K B  test system i n  v i tro.  
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